1. The application of environmental policy and legislation across large-scale administrative units creates a growing need for standard tools to assess and monitor the 'ecological health' of rivers, a requirement that can be achieved through the description of ecological functions of lotic invertebrate species in river communities. 2. To assess alternative metrics, we tested how the functional structure (described by 14 biological traits) of invertebrate communities in 190 large river reaches differed with respect to differences in taxonomic resolution (species, genus, family), taxa weighting of traits (raw abundance, ln-transformed abundance, presence-absence data) and consideration of alien species (inclusion or exclusion), and how these differences influenced the potential of functional descriptions to discriminate river reaches across a gradient of multiple human impacts. 3. Functional descriptions derived at the level of species, genera and families were very similar, whereas functional descriptions derived from raw abundances differed significantly from those derived from both ln-transformed abundances and presence-absence data. Functional descriptions after the exclusion of alien species differed considerably from those including alien species. 4. Generally, the functional descriptions significantly discriminated river reaches according to the level of human impact. Taxonomic resolution scarcely influenced the discrimination of impact levels, whereas the use of raw abundances decreased impact discrimination in comparison with ln-transformed abundances and presence-absence data. Exclusion of alien species also decreased discrimination of impact levels. 5. When considered separately, individual biological traits describing maximal size, number of descendants per reproductive cycle, number of reproductive cycles per individual, life duration of adults, reproductive method, parental care, body form and feeding habits had the highest potential to discriminate the level of human impact. 6. Our findings indicate that genus or perhaps family identifications are sufficient for large-river biomonitoring using invertebrate traits. Although raw abundances could provide a better discrimination of low levels of human impact, presence-absence data
Introduction
The application of environmental policy and legislation across large-scale administrative units creates a growing need for new standard tools to assess the negative effects of human modifications on 'river health' (Karr, 1999) , and to assess the efficiency of river-health restoration programmes. In Europe, many biomonitoring tools already exist and are used in regional monitoring and assessment programmes (Vernaux et al., 1982; De Pauw & Vanhooren, 1983; Lang & Reymond, 1995; Wright, Sutcliffe & Furse, 2000; Oberdorff et al., 2002) . However, these tools are generally not applicable across large geographic units because they were developed and adapted to national or regional characteristics of the aquatic biota (Norris & Georges, 1993) . These characteristics reflect either differences in geomorphological and ecoregional conditions, or differences in the colonisation history of the species across European regions. The spatial expansion of these tools creates the need to redefine or rescale them for many different regions (Wright et al., 2000; Buffagni et al., 2001 ).
An alternative approach for assessing the effects of human impacts at large spatial scales is the use of ecological functions of lotic species (Dolédec, Statzner & Bournaud, 1999; Statzner et al., 2001) . Ecological functions can be described by a multitude of general biological traits that reflect the adaptation of species to environmental disturbances (Townsend & Hildrew, 1994) . For example, the maximal size and the shape of the body, the lifespan, characteristics of the reproductive cycle and feeding strategies are typical traits reflecting the adaptation of species to more or less disturbed environments. As these traits are comparable across different taxonomic groups, they should provide a unified measure across communities differing in taxonomic composition (Statzner et al., 2001) . Among the taxonomic groups living in running waters, invertebrates are good candidates to monitor ecological changes caused by human impacts because they have relatively short lifespans and exhibit a multitude of strategies to adapt to environmental gradients (Rosenberg & Resh, 1993) . Preliminary studies using the biological traits of lotic invertebrates demonstrated that the functional description of natural communities scarcely differed across French ecoregions (Charvet et al., 2000; Dolédec, Olivier & Statzner, 2000) and across European countries (Statzner et al., 2001) . In addition, these functional descriptions reliably discriminated impacted and reference sites on basin- (Charvet, Kosmala & Statzner, 1998) , regional- (Dolédec et al., 1999) and European-scales (Statzner et al., 2001) .
Previous results, predominantly for small streams, motivated the exploration of a framework in which functional descriptions of invertebrate communities could be used to detect human-induced ecological changes in large rivers, which are among the earliest and most intensely human-impacted ecosystems in Europe (Petts, Mö ller & Roux, 1993) . Large rivers have been modified in many areas to allow navigation, power generation, irrigation of cultivated areas and the reception of sewage and other effluents, and these effects have often resulted in a change in bed morphology, flow and temperature regime, oxygen, nutrient and toxic compound concentrations (Whitton, 1984; Petts et al., 1993) . The greater complexity of large river systems in comparison with smaller streams (Hynes, 1986) , the specificity of their functioning and the economic importance of large rivers call for specific large river biomonitoring tools that can be applied across different regions.
In response to this call, we created a large database containing abundance data for 630 macroinvertebrate species in 1122 reaches of European large rivers having a width >40 m. In addition, we described 14 biological traits as completely as possible for all species in order to weight these traits by the abundance data of the species and to obtain functional descriptions of the invertebrate communities of near natural and more or less intensely human-impacted rivers. To develop a biomonitoring tool for large European rivers using invertebrate traits, the databases will be analysed in a series of publications. In this initial paper, we consider some fundamental topics that typically have to be addressed during the development of such a tool.
The development of any biomonitoring approach initially requires the assessment and definition of technical details to optimise the efficiency of the sampling programme to detect human impact. In this context, the choice of sampling strategy (e.g. qualitative versus quantitative sampling), taxonomic resolution (e.g. genera versus species) and taxa weighting (e.g. raw abundance versus ln-transformed abundance) clearly influence the description of communities and our ability to detect human-induced impact (Resh & Unzicker, 1975; Resh & Jackson, 1993; Wright, Chessman & Fairweather, 1995; Karr, 1999; Thorne, Williams & Cao, 1999; Guerold, 2000; Hawkins & Norris, 2000; Bailey, Norris & Reynoldson, 2001 ). In addition, such choices affect cost and effort. For example, the processing time of a kick-net sample, which includes picking and identification of invertebrates, may vary by an order of magnitude between the treatment of the whole (i.e. quantitative) sample and that of a subsample of 50 individuals (Growns et al., 1997) . Finally, inclusion or exclusion of alien species in the community descriptions may create noise and thus modify the performance of the biomonitoring tool, as alien species sometimes invade large rivers in waves across large spatial scales, and typically create elevated local abundances for relatively short periods (Den Hartog, Van der Brink & Van der Velde, 1992; Van den Brink, Van der Velde & Bij de Vaate, 1993) .
The objectives of this study were to define the technical choices that enable an optimal use of biological invertebrate traits in future biomonitoring of large European rivers. More specifically, we tested how the functional structure of invertebrate communities, described by 14 biological traits, differed with respect to differences in: (1) taxonomic resolution [focusing on species, genera and families, the three levels commonly used in invertebrate biomonitoring (Resh & McElravy, 1993) ], (2) taxa weighting (raw or ln-transformed abundance, presence-absence), and (3) consideration of alien species (their inclusion or exclusion in community descriptions). We also tested how the choice of a particular combination of these three factors influenced the potential of an overall functional community description and of individual biological traits to discriminate river reaches across a gradient of multiple human impacts.
Methods

Invertebrate abundances and environmental conditions in large European rivers
We created a database describing the abundance of benthic macroinvertebrates at large European river sites, with a reach width >40 m. We selected data in published and unpublished studies where Insecta (except Diptera), Mollusca, Crustacea, Hirudinea, Polychaeta, Cnidaria and Turbellaria were identified to species or genus level. Although Diptera and Oligochaeta constitute important components of the European large-river fauna, we did not included their abundances because their identification was generally at the sub-family or family level (for Diptera) or at the family or class level (for Oligochaeta), reflecting the difficulty in identifying species. In addition to considerations of taxonomic resolution, we selected data with respect to the reliability of the information on samplers, sample size, sampler mesh-size and sampling effort. In large rivers, different techniques such as artificial substrates, nets, dredges, cores and grabs (Merritt, Cummins & Resh, 1978) are used individually or in combination to sample benthic invertebrates. Sampling is performed either from banks, boats or diving bells (Tittizer et al., 1988) , depending on water depth and velocity. Techniques differ in their efficiency to sample invertebrates in a quantitative way (Elliott & Drake, 1981a,b; Hall, 1982) , so technical details on sampling (e.g. dimensions of Surber sampler, volume of artificial substrates, sampling duration of kick sampling) were important to obtain abundance values that were comparable among studies.
We calculated standard invertebrate abundances (ind. m )2 ) according to the characteristics of the samplers. When invertebrates were collected using Surber or similar samplers, drags, dredges and kick samplers (obtained for a standardised surface area), standard abundances were calculated by dividing uncorrected abundances by the surface of the sampling area. When kick samples were standardised with respect to sampling duration, we considered a sampling duration of 0.5 min to correspond to sampling a surface of 0.12 m 2 using a Surber sampler. This correspondence was derived from a comparative small-stream study of invertebrate abundances provided by these two sampling techniques (Storey, Edward & Gazey, 1991) , as we did not find a largeriver study of this topic. When invertebrates were ). Generally, the authors of published studies provided reachscale descriptions (reach-average abundances) of taxonomic invertebrate community composition by averaging samples per sampling date. Therefore, we also calculated reach-average abundances (ind. m ) of invertebrates for other reaches that had separate samples available. As a result, we accumulated the abundance of invertebrates for 1122 river reaches of 54 large rivers in 12 European countries (Table 1) .
When available, we included, for each reach: (1) general habitat features such as reach width, reach slope, distance from source, altitude, latitude and longitude and (2) five types of human impact that were related to water diversion, organic pollution, toxic pollution, ship traffic and channelisation. Water diversion rate in impacted reaches was assessed as the ratio of observed discharge to natural daily discharge in non-impacted reaches. Organic pollution was evaluated as concentrations of nitrates and phosphates, conductivity, pH and Biological Oxygen Demand after 5 days (BOD 5 ). Toxic pollution, heavy ship traffic and channelisation were coded as presence-absence according to the information given by the authors. When this information was not available in the above-cited references, we expanded our research to obtain the information to other studies dealing specifically with human impacts on the environment or to Water Management Agencies (for French rivers).
Selection of river reaches for the present study
To perform the tests for the present study, we extracted (from the entire database) a sub-set of river reaches that: (1) were variously affected by human activities, (2) were scattered across Europe and (3) had more than 75% of the invertebrate fauna identified to the species level (in terms of abundance, excluding Oligochaeta, Diptera and young instars of other taxa that were too small to be identified to the species level). To avoid a possible confounding effect related to differences in sampling effort among countries (e.g. 837 reaches in Germany versus one reach in Ireland or in Austria), we limited the number of reaches used in France and Germany. For example, for these latter countries, each large river was represented by a maximum of 10 reaches, which were well dispersed along the river. As a result, a total of 190 reaches located on 35 rivers were selected for this study (Fig. 1) . Among them, 170 reaches belonged to six countries (Belgium, France, Germany, Italy, Poland and Spain), whereas the six other countries were each represented by fewer than seven reaches. In these 190 river reaches, our five environmental variables ranged as follows: nitrates, ]; water diversion rate, [0-98%]. The Wye river (U.K.), the Upper Loire, the Aube and the Ardèche rivers (all three in France) and the Upper part of the Duero basin (Spain) represented almost natural rivers, whereas the Vistula river and the Warta river (Poland), and the Elbe river (before 1992, Germany) represented heavily impacted rivers.
Overall, the 190 river reaches had 461 invertebrate species in 178 genera and 86 families. For each river reach, taxonomic invertebrate community composition was described in terms of raw species abundances (ind. m ), ln-transformed [ln (x + 1)] species abundances, and species presence/absence. Corresponding descriptions were obtained for native communities after the removal of the alien species listed in Table 2 , and for taxonomic resolution at the genus and family level. As a result, 18 types of taxonomic community descriptions were available [three identification levels · three taxa weightings · two data sets (native or entire community)] for each of our 190 river reaches.
Biological traits of invertebrates
Benthic macroinvertebrate species represented in our abundance database were described by 66 categories of 14 biological traits that are related to body morphology, life history, reproductive method, dispersal potential in the water and feeding habits (see Table 3 for a detailed description). Biological traits used here are similar to those used in a previous study (Statzner, Resh & Dolédec, 1994) , where the traits of 264 insect species of the Rhô ne river were described. These traits summarise the available biological knowledge for most of the European large-river invertebrate species (excluding Diptera and Oligochaeta). The selection of these traits and these trait categories was dictated by available information. However, other Ponto-Caspian ecological functions were indirectly indicated by some of these traits. For example, the ratio of production/ biomass and of production/respiration in lotic invertebrate populations is closely related to the maximal size achieved by different species (Statzner, 1987) . In addition, these traits have the potential to indicate disturbances by human impacts in both general (e.g. reproductive traits) and specific ways. For example, we could expect that: (1) discharge reduction (i.e. reduced shear stress) would favour species that are not streamlined, (2) channelisation (i.e. increased flow exposure) would favour species that have a strong attachment to the substrate and (3) organic pollution (i.e. oxygen deficit in the water) would favour species with aerial respiration. The addition of many species to the Rhô ne river database required some modification to the trait descriptions. Two new trait categories describing hermaphroditism (within the trait 'reproduction method') and bud production (within the trait 'parental care') were added, and the filter-feeding habit was divided into active and passive filter- £10 Gill >10-100 Plastron >100-1000 Aerial >1000-10 000 >10 000 (by ships) feeding. Trait descriptions of maximal size, body form, body flexibility, dispersal potential, attachment to the substrate, feeding habits, food and respiration technique were restricted to aquatic stages (excepting eggs). Overall, 482 species were described completely in the new trait database. For 113 other species, we achieved incomplete trait descriptions, which reflected the poor knowledge of their biology. We could not describe the traits of the 35 remaining species. These latter species were generally rare, occurring in one to 48 (4.3%) of the 1122 river reaches, and in zero to 26 (13.7%) of the 190 reaches selected for the study. Their cumulative abundance represented between <0.01 and 35.4% of total invertebrate abundance in the 1122 reaches where they occurred, and between 0 and 24.7% in the 190 reaches selected for this study.
The biological trait database indicates the affinity of each species to trait categories using affinity scores (Chevenet, Dolédec & Chessel, 1994 ). An affinity score of 'zero' indicates no affinity of a species to a trait category, whereas a score of 'three' indicates a high affinity to the trait category (note that traits scored 'zero' for all categories if information was not available). For example, the maximal size achieved by the species was described as falling into five length categories ranging from £5 to >40 mm. If all available records for a species fell into one length category, it scored the affinity 'three' for that category and 'zero' for all other ones. If most records fell into one length category but a few were placed in an adjacent category, the species would score 'two' and 'one' for the two categories, respectively. To give the same weight to each species and each biological trait in further analyses, affinity scores were standardised so that their sum for a given species and a given trait equalled one. For the purpose of this study, standardised affinity scores of species were used to derive similar scores at coarser levels of taxonomic resolution (genus and family). Therefore, at each coarser level of taxonomic resolution, affinity scores of a given taxonomic group (e.g. Heptageniidae, Ephemerellidae for the family level) were calculated by averaging the standardised affinity scores of species belonging to this taxonomic group. The latter were then rescaled so that their sum for a given trait equalled one. Thereby, the traits were described at the same scale for species, genera and families.
Functional descriptions of invertebrate communities in large European rivers
We had 18 descriptions of taxonomic community structure for our 190 reaches (combination of three identification levels, three taxa weightings and native or entire community). For each of these 18 descriptions, we assessed the corresponding functional descriptions through the proportion of the 66 trait categories in the communities. Trait category proportions were calculated by weighting the standardised affinity scores of taxa for the trait categories by the taxonomic community composition (multiplying the affinity scores of each taxon with its raw abundance, ln-transformed abundance or presence-absence), and by adding these values by trait category [i.e. matrix product of (site · taxa) array by (taxa · biological traits) array]. The latter trait category values were rescaled to sum to one for each trait and each river reach (Dolédec et al., 2000; Statzner et al., 2001) , to remove the effects of among-reach differences in invertebrate abundance (raw abundance or ln-transformed abundance data) or among-reach differences in species-richness (presence-absence data). As a result, a trait category proportion in a community is a score that can range from 0 to 1, depending on the abundance (or presence) of the taxa and its affinity to that trait category.
Effects of taxonomic resolution, taxa weighting and alien species on the functional description of communities
To quantify how the functional descriptions of communities differed with respect to taxonomic resolution, taxa weighting and alien species, we calculated Differences in Trait Structure (DTS) between functional descriptions. For a given biological trait, DTS between two descriptions (e.g. descriptions at the species and the genus level for raw abundance data in a river reach) was calculated as follows:
where p i is the proportion of the trait category i in the first description, q i is the proportion of the same trait category in the second description and n is the Invertebrate traits and human impacts 2051 number of trait categories in the trait. This measure (Manly, 1994) is commonly used to quantify the dissimilarity between two objects described by a set of variables adding to one. It varies between zero (if the objects are totally similar) to one (if the objects are totally different).
To quantify the effects of taxonomic resolution on the functional descriptions of communities we calculated, for each reach, the 14 DTSs corresponding to the 14 biological traits to compare the functional descriptions at the species level with those obtained at the genus and family level. To limit the number of variables describing differences in the structure of biological traits, we derived an overall Difference in Functional Structure (DFS) by averaging the 14 DTSs. Thus, a DFS-value is a measure of dissimilarity between two functional community descriptions that gives the same weight to each of the 14 biological traits. We examined how the distribution of DFSvalues (i.e. 95% CL of the median value, the range of the central 50 and 90% of the DFS-values, Sokal & Rohlf, 1995) varied with respect to differences in taxonomic resolution for the three taxa weightings, including or excluding alien species. We used the same approach to quantify effects of taxa weighting and alien species, for the three identification levels used. To provide conservative tests for the effects of alien species, we considered only the 115 river reaches where aliens were present in these tests.
Assessment of global levels of human impact on river reaches
It was impossible to find precise and equivalent information on human impacts for all of our 190 river reaches. Therefore, we assessed the global level of human impact in our 190 river reaches using an index that incorporated all impact categories (organic pollution, toxic pollution, ship traffic, discharge reduction, channelisation). When a given impact category was not reported for a river reach, we considered that the reach was not significantly affected by that impact category. Among the 190 reaches, 36, 25, 26, 71 and 32 river reaches had cumulated impact levels of 'zero', 'one', 'two', 'three' and 'four', respectively. When the 115 reaches having alien species were considered separately, 15, 12, 12, 55, and 21 river reaches had cumulated impact levels of 'zero', 'one', 'two', 'three', and 'four', respectively. No reach cumulated all five impact categories as discharge reduction and ship traffic never co-occurred in the same reach.
Potential of functional descriptions to discriminate the level of human impact
As described above, we calculated DTS and DFS, but this time among our 190 river reaches (or among our 115 river reaches when aliens were excluded), and assessed them in relation to the impact level of the reaches. For each functional description, the number of possible DTS (for each trait) and DFS among river reaches was 17 955 (190 · 189/2) and 6555 (115 · 114/ 2) when alien species were included or excluded, respectively. We compared DTS-values and DFS-values calculated among reaches having the same impact level (e.g. 'zero' versus 'zero', 'one' versus 'one', 'two' versus 'two') to DTS-and DFS-values calculated among reaches having a different impact level (e.g. 'zero' versus 'one', 'zero' versus 'three', 'two' versus 'four'), using the A N O S I M A N O S I M procedure (analysis of similarities) of the package 1.4.1 of the R-software (Ihaka & Gentleman, 1996) . This procedure provides a test R (Clarke, 1993) calculated as:
where r b is the mean rank of DFS-values (or DTSvalues) among reaches having a different impact level, r w is the mean rank of DFS-values (or DTS-values) among reaches having the same impact level and n is the number of river reaches. R-values near zero (slightly positive or negative) indicate that withinimpact-level dissimilarities are, on average, equal to between-impact-level dissimilarities. R-values near one indicate that all river reaches having the same impact level are less dissimilar to each other than to any river reach having a different impact level. Therefore, high R-values indicate that a corresponding functional description discriminated effectively among reaches having different human impact levels. The significance of each observed R-value was assessed by a permutation test where a distribution of 1000 R-values was calculated after river reaches were re-allocated randomly to impact levels.
The potential to discriminate impact levels using global functional descriptions (i.e. DFS) was tested for all combinations of taxonomic resolution, taxa weighting and alien species inclusion or exclusion, whereas the potential using individual biological traits (DTS) was tested at the species level. For brevity, we do not present all results graphically, but have selected examples that were considered representative for each test.
Results
Effects of taxonomic resolution on the functional description of communities
For the three taxa weightings tested, including or excluding alien species, taxonomic resolution had varying effects on the functional description of the invertebrate communities (Fig. 2) . Overall, median DFS-values were low (<0.10), when alien species were included (Fig. 2a) or excluded (Fig. 2b) , indicating that taxonomic resolution had only minor effects on the functional description of communities. For each combination of taxa weighting and alien species, median DFS-values between functional descriptions at the species and genus level were significantly lower than median DFS-values between functional descriptions at the species and family level. When alien species were included, the median DFS-value between descriptions at the species and genus level was significantly lower using raw abundance than ln-transformed abundance data or presence-absence (Fig. 2a) . In contrast, no significant differences occurred among the three types of taxa weighting when comparing species versus families (Fig. 2a) , or species versus genera and species versus families after the exclusion of aliens (Fig. 2b) .
Effects of taxa weighting on the functional description of communities
Taxa weighting also had varying effects on the functional description of communities (Fig. 3) . Median DFSvalues calculated between ln-transformed abundance and presence-absence data were low (<0.10) when alien species were included (Fig. 3a) or excluded (Fig.  3b) . In addition, they did not differ significantly among the three levels of taxonomic resolution. In comparison, median DFS-values calculated between raw abundance and both ln-transformed abundance and presence absence-data were significantly higher, if alien species were included (Fig. 3a) or excluded (Fig. 3b) .
Effects of alien species on the functional description of communities
Inclusion or exclusion of alien species generally produced the most variable effects on functional , ln-transformed abundance (grey boxes) and presenceabsence (white boxes) data, respectively. Boxes are notched at the median and return to full width at the lower and upper confidence interval value of the median. If the intervals around two medians do not overlap, these medians differ at the 95% confidence level (i.e. P < 0.05).
community descriptions (Fig. 4) . For all three taxonomic levels used, median DFS-values between entire and native communities were significantly higher for raw abundance data if compared with both ln-transformed abundance and presence-absence data. Comparing these median DFS-values among the three levels of taxonomic resolution, within and between ln-transformed abundance and presence-absence data, demonstrated no significant differences. In contrast, for raw abundance data, median DFS-values at the family level were significantly lower than those at the species and genus level. Based on raw abundance data, inclusion or exclusion of alien species produced very dissimilar functional community descriptions (DFS-values >0.5 in many reaches).
Potential of functional descriptions to discriminate the level of human impact
The DFS-values among reaches having the same impact level were significantly (P < 0.001) lower than DFS-values among reaches having a different impact level (see R-values in Table 4 ), except when alien species were excluded and raw abundance data were used. Taxonomic resolution scarcely affected the potential to discriminate impact levels, since R-values at the family level were similar to those at the genus and species level for a given weighting of taxa and for the total or native communities. In contrast, taxa weighting had a clear effect on the discrimination potential of impact levels. For both native and entire communities, and for all identification levels, R-values were lower for raw abundance data than for ln-transformed abundance and presence-absence data ( Table 4 ), indicating that weighting by raw abundances had the lowest potential to discriminate among reaches with different levels of human impact. The exclusion of alien species produced lower R-values than those obtained for the entire communities.
To illustrate how functional structure changed in response to increasing human impact levels, we present one example comparing the distribution of DFS-values (alien species included) among almost natural reaches (impact level 'zero') and among reaches with different impact levels (Fig. 5) . Generally, for the three levels of taxonomic resolution and the three types of taxa weighting, median DFS-values among reaches increased significantly as the difference in impact level increased. However, comparison of the 95% CL of the median DFS-values between the grouping 'zero-one' and 'zero-two' demonstrated a significant difference for taxa weighting and taxonomic level only for raw abundance data at the genus and the family level (Fig. 5b,c) . Median DFS-values derived from raw abundance data increased more linearly with difference in impact level than those derived from ln-transformed abundance data and presence-absence data. However, the overall scatter of DFS-values around the median was greater for raw abundance data than for ln-transformed and presenceabsence data, which explained why the R-values for raw-abundance data were consistently low (Table 4) .
Potential of individual biological traits to discriminate the level of human impact
Considered separately, biological traits exhibited variable potential to discriminate the level of human impact. For brevity, only results obtained at the species level are presented here (Table 5 ). The effects of taxa weighting on the potential to discriminate human impact levels (see R-values in Table 4) largely confirmed by this analysis. In general, R-values for individual traits were lower for raw abundance data than for ln-transformed abundance and presence-absence data ( Table 5 ), suggesting that weighting by raw abundances had the lowest potential to discriminate among reaches differing in human impact levels. Focussing on presence-absence data, the exclusion of alien species had varying effects on the discrimination potential of biological traits (Table  5) . When aliens were included, traits describing maximal size, the number of descendants per reproductive cycle, the number of reproductive cycles per individual, life duration of adults, reproductive method, parental care, body form, feeding habits and food exhibited highly significant (P < 0.001) R-values (Table 5) , indicating a strong potential of these traits to discriminate levels of human impact. Among these traits, the number of descendants per reproductive cycle, the reproductive method and food had rather similar R-values compared with those observed when aliens were excluded, whereas the other traits exhibited lower R-values after the exclusion of aliens. Respiration technique was the only trait having higher R-values (in comparison with entire communities) after the exclusion of alien species (Table 5) .
To illustrate changes in functional description for individual traits in response to increasing impact levels, we present one example comparing the distribution of DTS-values among almost natural reaches (impact level 'zero') and among reaches with different impact levels (Fig. 6) . The DTS-values generally increased in response to increasing difference in impact levels among reaches. However, this trend was more or less pronounced depending on the biological trait considered. For example, DTS of biological traits describing dispersal potential in the water, attachment to the substrate, body flexibility and respiration technique scarcely changed with increasing differences in impact levels among reaches, corresponding to the low R-values shown in Table 5 . Among the biological traits that had clearer changes of DTS across increasing differences in impact levels, median values of DTS of the traits describing feeding habits and food increased almost linearly across the impact gradient (Fig. 6) . In contrast, traits describing the number of reproductive cycles per individual, life duration of adults, body form and parental care had elevated median DTS-values only for large differences in impact levels ('zero' versus 'three' and 'zero' versus 'four').
Discussion
Effects of taxonomic resolution, taxa weighting and alien species on the functional description of communities Quantifying the effects of taxonomic resolution on the functional descriptions of invertebrate communities suggests that functional descriptions at the genus and family level were similar to those derived at the species level (Fig. 2) . This high similarity probably reflects a high taxonomic constraint in the evolution and the actual organisation of biological traits in stream invertebrates. Our results support conclusions that identifications at the genus or family levels allow realistic functional description of lotic invertebrate communities (e.g. Dolédec et al., 2000) . Likewise, other studies in Europe have demonstrated that identifications at the family level provide similar descriptions of community patterns (Hughes, 1978; Furse et al., 1984; Bournaud et al., 1996; Guerold, 2000) and similar site ordination Table 4 Effects of taxonomic resolution, taxa weighting and alien species on the potential of overall (using all traits) functional descriptions to discriminate levels of human impact (from 'zero' to 'four' impact categories, cf. Methods). R-values differed significantly from 0 at *P < 0.05 and ***P < 0.001.
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and classification (Furse et al., 1984) to those obtained by species identifications. In comparison with taxonomic resolution, taxa weighting tested in this study had a stronger influence on the functional description of communities (see Fig. 3 ). It is obvious that raw abundance data will give a strong weighting to dominant taxa and a weak weighting to less dominant ones in a functional description, whereas presence-absence data give the same weighting to each taxon. Representing the extremes, functional descriptions derived from raw abundance or presence-absence data clearly constitute two different representations of the functional description of our invertebrate communities. By down-weighting the role of taxa abundance, the ln-transformation of the abundances produced functional descriptions that were more similar to those derived from presence-absence data than those derived from raw abundance data. Similarly, using taxonomic descriptions of 268 communities in U.K., Furse et al. (1984) found that a log 10 -transformation of invertebrate abundances (at family level) yielded taxonomic community classifications and ordinations comparable with those derived from presenceabsence data. In our study, we limited the types of taxa weighting to three examples, but we expect that less severe down-weighting of abundances, for example, by using a square root transformation, would have produced functional descriptions intermediate between those derived from raw abundance and ln-transformed abundance data.
Alien species may possess biological traits similar to those of native species (e.g. if they belong to the same genus) or they may possess traits that are novel in comparison with those of native species (Sakai et al., 2001) . Particularly in the latter case, the exclusion of aliens from functional community descriptions could indicate ecological patterns that differ considerably from those indicated by the entire community. Our results support this view because DFS-values between functional descriptions derived from entire and native communities scattered considerably around median values (Fig. 4) . This scatter was particularly great if functional descriptions were derived from raw abundance data, thus reflecting the spatio-temporal dynamics of some invading aliens, which causes large among-reach differences in the abundance of alien species. Corophium curvispinum is a typical mass invader (up to 200 000 ind. m Vaate, 1989; Schö ll, 1990) and is now found in many large rivers of the Netherlands, Germany (Tittizer et al., 2000) and Belgium. In these rivers, the invasion of C. curvispinum is now followed by the invasion of a new immigrant: Dikerogammarus villosus (Bij de Vaate & Klink, 1995; Tittizer et al., 2000) . In Western Europe, since its discovery in France and Portugal in 1980, Corbicula fluminea has succeeded in colonising the Netherlands, Germany, Spain and Belgium (Mouthon, 2001 and literature therein).
Comparison of DFS-values produced by taxonomic resolution, taxa weighting and alien species inclusion or exclusion indicates that the choice of a particular level of taxonomic resolution appears to be least critical for accurate functional descriptions of invertebrate communities. Using ln-transformed abundances instead of presence-absence data may not be warranted, as the former require higher cost and efforts, but produced similar functional community descriptions to the latter. Finally, if working with presence-absence of the taxa, including or excluding alien species appears to have little effects on results. These results suggest that the functional description of communities at the European scale could be safely achieved at low cost using the presence-absence of genera or families of native taxa.
Potential of functional descriptions to discriminate the level of human impact
Generally, functional descriptions derived from the various combinations of identification level and taxa weighting, and with or without alien species included, discriminated river reaches according to human impact levels (Table 4 ). This result was obtained through a particularly conservative test if one considers the broad scale of our study and the heterogeneity of the included data. First, we compared different human impact levels on communities in river reaches being widely scattered across the European continent. At this scale, geographical constraints reflecting climatic, topographic and geologic gradients, in addition to human impact levels, may influence the biological trait structure of the communities (Poff, 1997) . Second, the large variation in sampling Table 5 Effects of taxa weighting and alien species on the potential of individual biological traits to discriminate levels of human impact (from 'zero' to 'four' impact categories, cf. Methods). Difference in Trait Structure (DTS) of individual traits were derived from community descriptions at the species level. See Table 4 R-values differed significantly from 0 at *P < 0.05, **P < 0.01 and ***P < 0.001.
Invertebrate traits and human impacts 2057 techniques and sampling efforts among studies should have increased among-reach differences in derived functional descriptions and thus obscured effects of human impacts levels. Third, our results could have been obscured by our assessment of human impact. For our large-scale test, we had to use a simple index that considered all human impact categories together rather than separately (e.g. organic pollution, toxic pollution). Thus, some reaches classified as almost natural (level of human impact 'zero') may have been more impacted by human activities than expected, and some reaches classified as moderately impacted (level of human impact 'one') may have been more impacted than reaches classified in human impact levels 'two' and 'three'. The potential to discriminate levels of human impact was scarcely influenced by taxonomic resolution (from species to family). In biomonitoring applications, the choice of taxonomic resolution is often controversial because it constitutes a compromise between the need for sufficient information to detect human impacts and the availability and/or cost of obtaining this information (Resh & McElravy, 1993; Bailey et al., 2001) . Generally, the information needed to discriminate 'reference sites' from impaired sites depends on the tolerance values of taxa to human impact, and on the intensity of the impairment (Bailey et al., 2001; Lenat & Resh, 2001) . Because tolerance values may be highly variable among genera of the same family and among species of the same genus (Resh & Unzicker, 1975) , it has been argued that a more precise identification will more efficiently discriminate sites with different human impact levels. This contention is variably supported: some studies have illustrated stronger discrimination of impacts through genus and species identifications (Guerold, 2000; Hawkins & Norris, 2000; Lenat & Resh, 2001; King & Richardson, 2002) , whereas others concluded that family identifications were as discriminating as those at the genus and species levels (Wright et al., 1995; Marchant et al., 1997; Urkiaga-Alberdi, PagolaCarte & Saiz-Salinaz, 1999) . Our results indicate that the potential of functional descriptions to discriminate river reaches according to their human impact level did not decrease greatly from species to family identifications. This pattern suggests that across the large range of human impact levels in our river reaches, differences in functional structure among reaches with different impact levels may largely reflect differences in taxonomic composition at the family level (or higher levels). Therefore, functional descriptions of communities that were based on genus or family identifications should be adequate to discriminate river reaches according to their human impact level.
R-values for both DFS and DTS showed that functional descriptions derived from presenceabsence and ln-transformed abundance data were more likely to discriminate between human impact levels than those derived from raw abundance data. Likewise, taxonomic presence-absence data were adequate to distinguish almost-natural from impaired sites using species (Wright et al., 1995; Thorne et al., 1999) or family (Thorne & Williams, 1997) resolution. However, using raw abundance data for taxa weighting may be essential to discriminate between functional invertebrate composition in near natural reaches and moderately impacted reaches. For example, DFS derived from ln-transformed abundance and presence-absence data scarcely changed among reaches having a relatively low impact level (e.g. 'zero' versus 'one', 'zero' versus 'two'). A possible explanation for this result is that low impact levels mainly affect the relative abundance of taxa, whereas the taxon composition remains unchanged. With increasing impact levels, changes in taxon abundances could lead to the elimination of taxa and thus to changes in taxa composition, as intolerant taxa completely disappear and only tolerant taxa remain. As a result, the functional response of communities at lower impact levels should be better discriminated by functional descriptions that are derived from raw abundance data. However, even in the absence of human impact, taxa abundances are highly variable in space and time (Resh & Rosenberg, 1989) , so functional descriptions derived from raw abundance data are also more variable at natural conditions than those derived from presence-absence data. To indicate strong human impact gradients across large spatial scales, the functional description of communities based on presence-absence data could be the basis of an effective and low cost strategy for quantifying the ecological health of rivers across Europe.
The exclusion of alien species strongly decreased the potential for functional descriptions to discriminate impact levels, perhaps because alien species (e.g. C. curvispinum, D. villosus, Gammarus tigrinus, Dreissena polymorpha) were typically present in the most impacted river reaches. This result supports the view that high levels of on-going disturbance favour the invasion of native communities by aliens (Ross, 1991; Horvitz et al., 1998) . In rivers, intensity of ship traffic, and increased salinity and temperature favoured the invasion by alien species (Den Hartog et al., 1992; Bij de Vaate & Klink, 1995) . Therefore, including alien taxa in functional descriptions should improve the detection of human impacts on invertebrate communities. On the contrary, including alien species in a biomonitoring tool is problematic because the temporal succession of different alien species observed in many European rivers (Van den Brink et al., 1993) may produce large year-to-year variations in functional community descriptions, if these are based on raw-abundance data. The effect of alien species on the efficiency of metrics to discriminate human impacts on rivers has been tested mainly with fish. For this group, many authors have solved the problem of aliens by describing either the proportion of alien individuals or alien species in fishbased biotic indexes (Lyons et al., 1995; Ganasan & Hughes, 1998; Hughes et al., 1998) . A similar procedure could be used to solve the problems of alien invertebrate species presence in future biomonitoring of large European rivers.
So far, our discussion has focused on overall trait structure (i.e. DFS) of invertebrate communities, although individual traits (or trait categories) could be also used for future biomonitoring of large European rivers (Dolédec et al., 1999; Statzner et al., 2001) . Biological traits used to derive functional descriptions exhibited variable potential to discriminate river reaches that differed in human impact levels. Among the 14 traits, nine responded in a highly significant Invertebrate traits and human impacts 2059 way to different impact levels in the river reaches. In previous studies, many of these nine invertebrate traits also responded to human disturbances at both a local (Charvet et al., 1998; Dolédec et al., 1999 ) and a regional scale (Dolédec et al., 1999; Usseglio-Polatera & Beisel, 2002) . For example, considering 63 taxa in a small stream, Charvet et al. (1998) observed changes in maximal size, number of descendants per reproductive cycle, number of reproductive cycles per individual and life duration of adults downstream of a waste-water treatment plant in comparison with an upstream reference site. Considering 135 invertebrate taxa in the Rhô ne River basin (95000 km 2 ), Dolédec et al. (1999) observed changes in the number of descendants per reproductive cycle, life duration of adults and body form, in response to increasing human impacts. In contrast to our study, Dolédec et al. (1999) found that feeding habits separated near natural from impacted sites less clearly. Similar descriptions of feeding strategies (i.e. Functional Feeding Groups) have been used for ecological assessment of streams in the United States (Cummins, 1988; Merritt et al., 2002) and more recently, in Europe (Pavluk, Bij de Vaate & Leslie, 2000; Rawer-Jost, Blank & Rahmann, 2000) , Thailand, Ghana and Brazil (Thorne & Williams, 1997) . The inconsistency of feeding habit responses to human impact across ecoregions has led to the conclusion that this trait might be less useful in biomonitoring than expected (Karr, 1999) .
Conclusions and implications for future studies
The implementation of environmental legislation in Europe calls for the development of standard tools being capable to quantify river health across large spatial scales, at cost and effort as low as possible. So far, three independent assessments undertaken in Europe provided evidence that the biological traits of lotic invertebrates can be used to monitor functional community changes across large spatial scales in relation to human impacts (Dolédec et al., 1999; Statzner et al., 2001 ; this study). In addition, two studies independently confirmed that genus or family identifications are sufficient for the description of the functional structure of invertebrate communities (Dolédec et al., 2000; this study) . Finally, this study suggests that presence-absence data can provide functional community descriptions being capable to discriminate efficiently among river reaches across a strong gradient of global human impact. All these results provide strong foundations to develop a tool for the biomonitoring of large rivers at the European scale. However, many details about the use of the biological traits in future biomonitoring remain unclear. For example, should all biological traits be assessed together, or should the focus be on individual traits or even trait categories? Among these three options, which is the best to quantify global human impact levels or to separate specific impacts? The answers to these questions will likely interfere with the choice of the definite metrics applied in future biomonitoring of large European rivers using invertebrate traits.
